Background
==========

Mental health problems are common in young people with 75% of disorders beginning in adolescence and adolescent onset posing a considerable risk factor for long term psychological problems \[[@B1]\]. Adolescence is therefore likely to be an important phase for early intervention with primary care identified as the target setting in the World Health Organisation strategy for mental health \[[@B2]\]. General Practitioners (GPs) are often the providers of first step interventions for mental health (i.e. screening, monitoring, and psychoeducation), initially managing mental health concerns within their own clinical practice, then becoming conduits or gatekeepers to second step and further mental health care services (i.e. psychotherapy, medication, hospitalisation) when necessary \[[@B3],[@B4]\]. Nevertheless, detection and management of mental health problems in primary care remains a challenge particularly with young people \[[@B5]\]; it is estimated that GPs detect at best 50% of mental health disorders \[[@B6],[@B7]\]. Furthermore, 5.7% of adolescents are diagnosed with major depressive disorder \[[@B8]\] and up to 30% of young people experience mild depressive symptoms \[[@B9],[@B10]\]. New methods are needed that focus on the early stages of mental health problems before clinically diagnosable mental health disorders are identified.

Poor recognition of symptoms by young people creates a significant barrier to communicating, detecting, and receiving help for mental health problems \[[@B11]\]. Research suggests that most people do not recognise the symptoms of depression and are suspicious about effective treatments \[[@B12]\]. Doctor related barriers to detection and management of mental health symptoms include insufficient time for assessments, a lack of confidence in managing and treating mental health symptoms, and a lack of systematic approaches to identify and provide evidence-based interventions for psychological disorders \[[@B13]\]. Detection rates of psychological problems are not necessarily associated with GP level of training in mental health or adolescent health \[[@B7]\], suggesting that further GP training in recognising mental health disorders may not be the most effective avenue for increasing detection rates.

There is some evidence that computerised screening, via portable computers such as Personal Digital Assistants or hand held touch pads (e.g. iPad) are both acceptable to patients and physicians, and can increase detection rates of health risk behaviours such as poor nutrition or exercise \[[@B14],[@B15]\]. Short duration self-monitoring programs involving the completion of homework diaries have had some success at reducing depressive symptoms \[[@B16]\] and can be run on mobile phones \[[@B17],[@B18]\]. Mobile phones provide a unique avenue for early intervention of mental health problems as they are an ubiquitous accessory, with 100% market penetration in Australia and Britain, and 67% worldwide \[[@B19]\]. Involving technology, such as computers, the internet or mobile phones in mental health programs can engage and foster young people\'s involvement \[[@B20]-[@B22]\]. Daily monitoring of mental health symptoms across time (i.e. between appointments) via mobile phones may assist young people in reducing their symptoms of mental health problems before reaching clinically diagnosable disorders. Further, daily monitoring data in addition to clinical assessment may allow for greater matching of services to patient needs and enhance pathways to care when second step care is indicated. From the patient\'s perspective, there is evidence that self-monitoring, on its own, is a therapeutic activity via increasing self-awareness \[[@B23]\], particularly of one\'s emotions, and leading to positive behaviour change \[[@B24]-[@B26]\], and therefore in the context of first step mental health care in primary care settings may lead to therapeutic outcomes.

As the integration of \"e-health\" reforms into primary care are considered a top priority \[[@B27]\], we have developed a novel mobile phone mental health assessment and management tool, the Mobile Tracking Young People\'s Experiences (*mobiletype*) program \[[@B17],[@B18]\], designed for use in primary care and other clinical settings \[[@B28]\]. The *mobiletype*program monitors a young person\'s mood, stress, coping strategies and daily activities a number of times per day, and their eating, sleeping, exercise patterns, and alcohol and cannabis use once per day. This information is then uploaded to GPs, via a secure website and displayed in summary reports for review \[[@B17]\]. Our pilot study suggests that young people will monitor their mental health symptoms for the purpose of reviewing this data with their doctor and that both doctor and young person find this a beneficial way of communicating information about mental health and that the *mobiletype*program assisted the doctor to understand their patient better \[[@B28]\].

The overall aim of this study was to investigate, via a randomised controlled trial, a number of suggested benefits found in our pilot studies of the *mobiletype*program. This RCT was conducted as an effectiveness trial, in which we were interested the utility of the *mobiletype*program in the real world primary care setting. This paper reports on the primary outcomes of the RCT, namely, the mental health outcomes. We hypothesised that the mental health outcomes of participants who complete the *mobiletype*program and review the data with their GP will be lower at post-test and 6 weeks post-test compared with those in the attention comparison group.

Methods
=======

Study design
------------

The data presented here are the primary outcome data from the *mobiletype*randomised controlled trial conducted from 2009 to 2011. This was a multi-centre, multi-regional, stratified (according to region), single blind, attention-controlled study with balanced (1:1) individual randomisation into parallel-groups. This study was conducted in Victoria, Australia in a manner to allow for strict adherence to CONSORT reporting guidelines \[[@B29]\].

Recruitment
-----------

### General practitioners

All general practitioners in the Goulburn Valley Region and Albury/Wodonga Regions were invited to participate in the study via the Regional Division of General Practice (support units that service clinical practices within a region). Regional participants were overrepresented in this sample as mental health problems are an increasing concern in rural areas. GPs in Melbourne were recruited via the local Divisions of General Practice. Clinics that listed an interest in adolescent health on the Melbourne General Practice Network (<http://www.mgpn.com.au>) were particularly targeted. Participating GPs were trained in using the *mobiletype*website and provided a study manual which included the study procedure and a thorough range of clinical support, including referral details of adolescent friendly allied health professionals and services, youth-friendly internet, email and phone support, and youth-focused psychoeducation handouts and worksheets on a range of mental health problems (this information was also available on the *mobiletype*website). Continuing professional development quality assurance points were available to GPs for their participation in the study. Weekly reminder faxes were sent to all participating GPs and fortnightly phone calls to the GPs clinic (with the aim of speaking to the participating GP, but this was not always possible) were made to remind doctors of the study and to provide an update on recruitment to the study.

### Young people

To best approximate the real world primary care setting, the following inclusion criteria were set: (1) aged 14 to 24 years, (2) speak proficient English and (3) have a mild or more severe emotional/mental health issue as assessed by their GP, or indicated by a K10 Symptom score greater than 16 \[[@B30]\]. Participants were excluded if they had a severe psychiatric or medical condition that prevented them from complying with either the requirements of informed consent or study protocol.

### Intervention

Version 4 of the *mobiletype*program was used as the intervention in this study which was created using Java Platform, Micro Edition, in-house by the Murdoch Childrens Research Institute. This program was written for use with multiple models of mobile phones and firmware. For the purposes of this trial participants were lent a study mobile phone with either the *mobiletype*intervention or comparison program downloaded onto it. Data from the program was uploaded to a secure website constructed and hosted by MCRI as well as being encrypted and stored on the mobile phones.

Participants were prompted to complete a *mobiletype*entry by an auditory signal/beep emitted from the mobile phone at random intervals in the blocks outlined in Table [1](#T1){ref-type="table"}. If no report was completed the phone emitted one reminder signal after 5 minutes. Entries were time-coded and saved. Participants were also able to complete the program any time and were able to complete an entry between 10 pm and 8 am although no trigger was sent at this time. The night time entry (00:00-08:00) consisted of the same questions as the afternoon questions as shown in Table [1](#T1){ref-type="table"}. Each report took approximately 1-3 minutes to complete.

###### 

Modules included in each block of the *mobiletype*intervention and comparison programs.

                     Intervention   Attention Comparison                       
  ------------------ -------------- ---------------------- --- --- --- --- --- ---
  *MODULE*                                                                     
  Current Activity   ✓              ✓                      ✓   ✓   ✓   ✓   ✓   ✓
  Stress             ✓              ✓                      ✓   ✓               
  Mood               ✓              ✓                      ✓   ✓               
  Alcohol Use                       ✓                                          
  Cannabis Use                      ✓                                          
  Sleep              ✓                                             ✓           
  Diet                                                         ✓               ✓
  Exercise                                                     ✓               ✓

#### Intervention group

The intervention group monitored themselves using the complete *mobiletype*program which assessed 8 areas of functioning as developed and pilotted in previous *mobiletype*studies \[[@B17],[@B18]\], consisting of current activities, location, companions, mood, recent stressful events, responses to stressful events, alcohol use, cannabis use, quality and quantity of sleep, and quantity and type of exercise, and diet (meals, snacks, \"junk-food,\" and \"soft-drinks\" consumed). Participants who responded in a manner that indicated they were at risk of self-harm or suicide activated the program\'s high-risk alert, which would automatically send an SMS to our on call psychologist/phone counsellor. The psychologist would then call the young person and assess the risk of self-harm and alert the participant\'s local community assistance team if necessary. The time of day each module assessing the eight areas was delivered varied as displayed in Table [1](#T1){ref-type="table"}.

#### Comparison group

The attention comparison protocol was designed to provide a data collection process similar to the intervention group by controlling for the amount of time spent engaged in the research methodology and the attention given to them by health care professionals and research staff \[[@B31]\]. The comparison group monitored themselves using an abbreviated version of the *mobiletype*program that assessed only current activities, location, companions, quality and quantity of sleep, and quantity and type of exercise, and diet. Importantly, the modules pertaining mental health as per Table [1](#T1){ref-type="table"} (i.e. mood, stress, alcohol and cannabis use) were removed.

#### Summary reports

Data collected by the *mobiletype*program (for both intervention and comparison groups) on the mobile phone was sent via SMS to a secure website constructed and hosted by MCRI, where it was automatically collated and available for viewing. Data was also encrypted and stored within phones, and all study phones were factory reset upon collection. Each area of assessment was displayed in graphs (i.e. daily mood graphs) or in tables (i.e. daily alcohol intake). An individualised summary report of the data was written following structured prescriptive guidelines by the first author (registered psychologist), or the second author under the supervision of the first author and consisted of mood, stress and coping, maintaining wellbeing and useful resources and recommendations for the intervention group. The comparison group also received individualized summary reports consisting of maintaining wellbeing (about their sleep, daily activities, diet, and exercise) and useful resources and recommendations.

### Outcome Measures

The primary outcome measure was the Depression, Anxiety, Stress Scale (DASS) \[[@B32]\] 21 item response form, which is Australian and has Australian norms and clinically validated ranges. A high score indicates greater depression, anxiety, or stress. Kauer et al. \[[@B23]\] proposed that self-monitoring may affect mental health by increasing emotional self-awareness (ESA). As there is no direct measure of ESA, a scale was created by adapting the 20-item Self Reflection and Insight Scale \[[@B33]\], the 10-item Ruminative Response Scale \[[@B34]\] and the 12-item Meta-Evaluation Scale \[[@B35]\]. The total ESA scale had 33 items (the scale is available from the second author), scores ranged from 1 to 132, with higher scores indicating more ESA, and had high internal consistency (Cronbach\'s alpha = .83). Also included in the questionnaire package was general demographic information, the Short-Form 12 Heath Survey \[[@B36]\], an adapted version of the AUDIT \[[@B37]\], substance use (adapted from the Victorian Adolescent Health Cohort Study \[[@B38]\]), The Adolescent Coping Scale General Short Form \[[@B39],[@B40]\]. Doctor-patient rapport, patient satisfaction, and pathways to care were assessed with the General Practice Assessment Questionnaire communication subscale \[[@B41]\], The Session Rating Scale \[[@B42]\], and The Party Project\'s Exit Interview \[[@B43]\] assessed pathways to care being if the participant was prescribed medications, referred to a health professional, referred for further testing, scans and/or X-rays, or provided other advice and psychoeducation regarding mental health during the most recent medical review. The pre-test, post-test, and 6 week post-test questionnaire packages included all of the above measures.

At pre-test, the GPs completed a questionnaire adapted from Haller et al \[[@B7]\] assessing the participants presenting concern, their current diagnostic information such as duration and medication, severity of any physical and mental health symptoms, and pathways to care implemented in current appointment (medication prescribed, referrals to other health professionals, and other interventions). GPs\' confidence in dealing with the patient was measured with an adapted version of the SHO Appraisal Form \[[@B44]\]. At post-test the above measures were repeated and specific feedback regarding the usefulness, accuracy, helpfulness, and impact of mobiletype program on clinical practice was sought.

### Sample size

Recruitment of 200 participants was anticipated from 10 general practices. This sample size was based upon Cohen\'s \[[@B45]\] statistical testing for multiple regression with two independent variables (to account for the mediating variable and the outcome) to detect a medium effect with 80% power and a probability of a type I error of .05. A medium effect size was selected as this was thought to be clinically significant. The anticipated sample size of 200 was not met due to delays in recruitment during school holidays and the H1N1 influenza pandemic. As a result, a deadline was set for stopping recruitment, and a total of 118 participants were recruited.

### Randomisation

Participants were randomised to either i) the *mobiletype*monitoring intervention program group or (ii) the attention comparison program group; both groups also received usual medical care. Randomisation was conducted electronically, set up by an in-house computer programmer using random seed generation at the individual-level and stratified according to area (Melbourne, Goulburn Valley, and Albury/Wodonga). Study mobile phones were allocated ID numbers within areas (i.e. Melbourne01, Melbourne02) and either the intervention or comparison *mobiletype*program was loaded consecutively in a blinded fashion according to the programmer\'s concealed randomisation list. The randomisation list was constructed for 100 Melbourne, 50 Goulburn Valley and 50 Albury/Wodonga participants. Researchers, participants, and GPs were blind to randomisation pre-test. GPs and participants became aware of the group allocation at the post-test when the summary reports were reviewed. This study had Royal Children\'s Hospital Human Research Ethics Committee approval (HREC: 28113) and was registered in ClinicalTrials.gov (Reference: NCT00794222).

Procedure
---------

### Recruitment

In addition to treatment as usual, GPs screened their patients for eligibility to the study, organised an appointment for interested participants with a research assistant using an online booking form, a faxed referral form, or by phone and completed a pre-test questionnaire. Participants met with a *mobiletype*research assistant within 5 days of referral to learn the study process, complete consent forms, the pre-test questionnaire package, review the *mobiletype*program and other features of the phone, and complete a practice entry of the *mobiletype*program. To protect doctor-patient confidentiality, parental consent was only sought when parents were present during the GP consultations; this process was approved by the Royal Children\'s Hospital Human Research Ethics Committee. Participants were provided with a study manual that described the research procedure and offered trouble-shooting tips.

### Mobile phone monitoring period

All participants borrowed a Sony Ericsson Z750i mobile phone containing the *mobiletype*program for the study period. Information regarding the development and testing of the *mobiletype*program has been previously published \[[@B18],[@B46]\]. Participants were requested to complete at least two *mobiletype*entries a day until they returned for their medical review in 2-4 weeks; participants and GPs were advised that 2-4 weeks was the ideal monitoring period. Participants were given a SIM card containing \$30 in credit as partial reimbursement for their time and phone credit used.

#### Post-test review, 6-week post-test, and 6 month post-test assessments

Upon completion, participants reviewed the self-monitoring data with their GP on the *mobiletype*website. Young people completed a post-test assessment immediately following this appointment, again at six weeks and six months after this post-test review (6-month post-tests not included in the current analysis). GPs completed a post-test questionnaire immediately after the appointment. Questionnaires were completed online, over the phone with a research assistant, or via a mailed hardcopy survey. Participants were given a \$20 gift card for each follow up survey completed (maximum of \$60 for all questionnaires completed).

### Analyses

Initially, to ascertain differences between groups in ESA, an intention to treat (ITT) mixed model analysis was conducted using SPSS v17.0.0 with the MIXED procedure. Survey time was entered as a continuous variable in weeks (0, 3, and 9). Subsequent to this, ITT mixed model analyses were again employed to test the primary mental health outcome. As planned contrasts were pivotal to interpretation of the mental health outcomes, the survey time was entered as categorical variable for these analyses. The mixed model method uses all available data, all participants at point of randomisation, without losing any cases, assuming that data is missing at random (MAR) \[[@B47]\]. All mixed models employed restricted maximum likelihood estimation method, and included subject identification number as a random effect and employed the time variable to create individual random slopes.

In terms of clustering, due to the number of GPs involved and the relatively small clusters within GPs, clustering at the GP did not provide a better approximation of the intraclass correlation coefficient than at the individual level. Geographic region was then considered as a proxy clustering variable, which returned a very low intraclass correlation coefficient of 0.007. As region clustering did not significantly contribute to the mixed model, clustering was not included. Multiple comparison adjustments (Bonferroni post-hoc style) were applied to subsequent a priori contrasts within the mental health mixed models, and Cohen\'s *d*measured the effect sizes of these contrasts \[[@B45]\].

The above analyses were repeated using a minimum effective dosage approach which only included participants who completed the minimum participation in the program (completing the recommended level of *mobiletype*entries: at least two entries per day for 14 days).

Results
=======

Recruitment
-----------

Data collection took place between the 16^th^April 2009 and 28^th^January 2011. Of the 103 GPs who agreed to participate, 35 actively recruited young people for the study. These contributing GPs were from 26 different practices in the three recruitment areas: 12 in greater Melbourne, 7 in Albury/Wodonga and 7 in the Goulburn Valley, resulting in an overrepresentation of general practices recruited in rural areas; 75% of Australian general practices are located in capital cities and suburbs \[[@B48]\]. Only 0.1% of Victorians live in remote areas and therefore were not targeted in this study \[[@B49]\]. As seen in Figure [1](#F1){ref-type="fig"}, 137 young people accepted the invitation to join the study, of whom 118 began the recruitment process. Four participants were excluded post randomisation (2 became too unwell to participate, one was incarcerated, and one gave invalid responses to all pre-test measures), resulting in a final sample of 114 young people which was sufficient to detect the primary aim of a medium-sized indirect effect \[[@B50]\]. Due to a failure to recruit the expected sample of 200 participants, there are different numbers of participants in the comparison and intervention groups, however, a test of the binomial distribution indicated that this difference was not significant with 69 out of 118 participants randomly allocated to the intervention group (*P*= .080). The total number of participants assessed for eligibility was difficult to establish as GPs rarely recorded information about patients who met the inclusion criteria and were either not approached to participate or who declined when invited to participate. Therefore the number of patients assessed for eligibility presented in Figure [1](#F1){ref-type="fig"} is likely to be underrepresented.

![**Flow diagram of the study process**.](1471-2296-12-131-1){#F1}

In total, 63.2% of participants (72/114) completed all questionnaires and 84.2% of participants (96/114) completed questionnaires at two or more time points; several *t-*tests and χ^2^tests were conducted with no significant differences found between participants who completed all questionnaires and those who missed questionnaires. Therefore all 114 participants were included in the analyses. Three out of 114 participants (2.6%) did not complete the pre-test questionnaire, but went on to complete the *mobiletype*entries and post-tests. Sixteen participants (14%) were considered lost to follow-up, as they did not complete both the post-test and the 6 week post-test questionnaires.

Demographics
------------

No statistically significant differences in demographic information were found between the intervention and comparison group on any pre-test measures, as seen in Table [2](#T2){ref-type="table"}.

###### 

General demographics of participants in the comparison and intervention groups.

  -------------------------------------------------------------------------------------
                                       Comparison Group\   Intervention Group\   *P*
                                       *N*(%)              *N*(%)                
  ------------------------------------ ------------------- --------------------- ------
  **Total Number**                     46 (40.4%)          68 (59.60%)           

  **14 days completed**                28 (60.9%)          36 (52.9%)            .330

  ***Area***                                                                     

   **Melbourne**                       14 (30.4%)          28 (42.6%)            .265

   **Goulburn Valley**                 21 (45.7%)          21 (29.4%)            

   **Albury/Wodonga**                  11 (23.9%)          19 (27.9%)            

  ***Male Participants***              17 (37.0%)          15 (22.1%)            .082

  ***Mean (SD) Age, years***           17.4 (3.2)          18.5 (3.2)            .059

  ***Ethnic Identification***^**a**^   4 (9.1%)            10 (22.7%)            .365

  ***Employment***                                                               

   **Employed**                        7 (15.2%)           18 (26.5%)            .212

   **Unemployed**                      4 (8.7%)            9 (13.2%)             

   **Student**                         35 (76.1%)          41 (60.3%)            

  ***Drug related items***^**a**^                                                

   **Ever had alcohol**                38 (86.4%)          59 (88.1%)            .792

   **Ever been drunk**                 31 (70.5%)          53 (79.1%)            .299

   **Ever had a cigarette**            25 (56.8%)          38 (56.7%)            .992

   **Ever tried marijuana**            18 (40.9%)          33 (49.3%)            .388

   **Ever tried other^b^drugs**        10 (22.7%)          26 (38.8%)            .077
  -------------------------------------------------------------------------------------

Note:^a^n = 111,^b^sedatives, tranquilizers, amphetamines, analgesics, inhalants, cocaine, LSD and heroin.

Participants in the intervention group completed an average of 3.3 *mobiletype*entries each day (SD = 1.4, range 1-8 per day) and completed the program from one to 34 days with a mean of 14. 6 days completed (SD = 6.3). In the comparison group, participants completed an average of 4 *mobiletype*entries per day (SD = 1.8, range 1-12), and completed the program for eight to 25 days with a mean of 15.2 days completed (SD = 4.4). The minimum effective dose of the program was considered to be completing the *mobiletype*program two times a day for at least 14 days. As can be seen in Table [2](#T2){ref-type="table"}, 36 (52.9%) participants in intervention and 28 (60.9%) in comparison received a minimum dose.

Missingness
-----------

In order to satisfy the mixed model assumption of MAR, baseline demographics variables were compared between those with available and those with missing DASS outcomes at the post-test (30/114) and at the 6-week post-test (27/114) periods. A significant association was found between immediate follow-up survey completion and cigarette smoking, χ^2^(1) = 3.92, *p*= .048, with a higher proportion of those missing (72.41%) having smoked a cigarette than those completing the survey (51.2%). This was again found in the 6-week post-test, χ^2^(1) = 10.74, *p*= .001, with 84.62% of those missing the survey period reporting previously having smoked a cigarette, compared to 48.24% of those who completed the survey. No other significant associations/differences were found at either survey period.

Outcome-Intention To Treat
--------------------------

Observed ESA and DASS mean differences were assessed at each time point using independent samples *t*-test, as shown in Table [3](#T3){ref-type="table"}. A significant difference was found in observed ESA scores between groups at the 6-week post-test, with the intervention group mean ESA 6.6 points higher than the comparison, *t*(80) = 2.60, *p*= .011. Also, the intervention group reported significantly higher stress than the comparison group at pre-test, with a mean difference of 3.4, *t*(109) = 2.06, *p*= .042

###### 

Observed means, standard deviations, 95% confidence intervals, sample size and mean differences f or each group at pre-, post- and 6-week post-test.

                     Comparison Group   Intervention Group   Difference                                                    
  ------------------ ------------------ -------------------- ------------ ----- ------------- ----------- ---------- ----- ------
                     *N*                *M (SD)*             95% CI       *N*   *M (SD)*      95% CI      *M diff*   *P*   *d*
  ***ESA***                                                                                                                
   **Pre-test**      42                 60.6 (11.9)          56.9-64.3    62    61.7 (12.1)   58.7-64.8   1.1        .65   0.09
   **Post-test**     32                 63.1 (11.1)          59.1-67.1    46    64.7 (10.9)   60.9-67.4   1.0        .69   0.09
   **6-week**        35                 62.2 (11.6)          58.2-66.1    47    68.9 (11.2)   65.5-72.1   6.6        .01   0.58
  ***Depression***                                                                                                         
   **Pre-test**      44                 19.4 (10.9)          16.1-22.7    67    20.4 (11.0)   17.8-23.1   1.0        .63   0.09
   **Post-test**     33                 15.2 (8.9)           12.1-18.3    50    16.3 (10.8)   13.3-19.4   1.1        .63   0.11
   **6-week**        36                 12.5 (11.8)          8.5-16.5     50    13.5 (10.5)   10.5-16.5   1.0        .69   0.09
  ***Anxiety***                                                                                                            
   **Pre-test**      43                 11.1 (8.1)           8.6-13.6     67    14.1 (9.7)    11.7-16.5   3.1        .09   0.26
   **Post-test**     33                 10.5 (8.0)           7.7-13.3     50    11.2 (9.1)    8.6-13.7    0.7        .73   0.25
   **6-week**        35                 10.4 (9.6)           7.1-13.7     50    9.8 (9.3)     7.1-12.4    0.6        .76   0.07
  ***Stress***                                                                                                             
   **Pre-test**      44                 16.9 (7.9)           14.5 -19.3   65    20.4 (8.9)    18.2-22.6   3.5        .04   0.40
   **Post-test**     33                 15.8 (8.0)           12.9-18.6    50    17.0 (9.4)    14.3-19.7   1.2        .53   0.14
   **6-week**        35                 13.1 (10.4)          9.6-16.7     50    15.2 (8.6)    12.8-17.6   2.1        .32   0.22

Note: Observed scores provided. *N*= number of participants used to calculate the mean (*M)*, standard deviation (*SD*) and 95% confidence interval *(CI)*, Mean difference calculated using *t*-tests, *d*= effect size (Cohen\'s *d*\[[@B51]\]).

Linear mixed models were applied to the ESA, the depression, anxiety, and stress subscales separately.

### Emotional Self-Awareness

Results from the ESA mixed model analysis showed no significant group (β = 1.01, *P*= .635) or time main effects (β = 0.09, *P*= .675) but a significant interaction effect of group × time, (β = 0.59, *P*= .048), signifying different ESA patterns over time between groups. The observed means in Table [3](#T3){ref-type="table"} indicate that ESA increased in the intervention group from baseline to 6 week post-test, where as it remained the same from baseline to 6 week post-test in the attention comparison group. The size of effect of this difference at 6 weeks post-test was *d =*0.58, and according to Cohen \[[@B51]\], this is a medium size of effect.

### Depression

There was no significant main effect for group, *F*(1, 110.48) = 0.19, *p*= .668), or interaction effect of group × time, *F*(2, 86.78) = 0.32, *p*= .729, but a significant main effect for time was found for depression, *F*(2, 86.78) = 14.63, *p*\< .001. Subsequent contrasts of the estimated marginal means found a significant total group mean decrease of 6.59 points between baseline and 6-week post-test, *t*(96.32) = 5.26, *p*\< .001, which was a medium size of effect (*d*= 0.53), a significant drop of 3.17 points from pre- to post-test, *t*(86.39) = 3.56, *p*= .001 (*d*= 0.37), and a further decrease of 3.42 from post- to 6-week post-test, *t*(81.21) = 2.97, *p*= .004 (*d*= 0.30). The estimated depression scale means and standard errors for each group across time are displayed in Figure [2](#F2){ref-type="fig"}.

![**Estimated marginal means (and standard errors) of depression scale for groups over time**.](1471-2296-12-131-2){#F2}

### Anxiety

There was no significant main effect for group, *F*(1, 114.59) = 0.86, *p*= .356, or interaction effect of group × time, (*F*(2, 90.42) = 1.99, *p = .142*), but a significant main effect for time was found for the anxiety scale, *F*(2, 90.42) = 4.11, *p*= .020. Subsequent contrasts of the estimated marginal means found a significant total sample mean decrease 2.49 points from pre-test to 6-week post-test, *t*(93.35) = 2.76, *p*= .007 with a medium size of effect (*d*= 0.46), no significant further contrasts were significant. The estimated anxiety scale means and standard errors for each group across time are displayed in Figure [3](#F3){ref-type="fig"}.

![**Estimated marginal means (and standard errors) of the anxiety scale for groups over time**.](1471-2296-12-131-3){#F3}

### Stress

There was no significant main effect for group, *F*(1, 107.04) = 1.81, *p*= .181, or interaction effect of group × time, *F*(2, 86.41) = 1.52, *p = .225*. A significant effect for time was found, *F*(2, 86.41) = 8.38, *p*\< .001, with post-hoc analyses showing a significant whole sample decrease of 4.19 points between pre- and 6-week post-test, *t*(91.63) = 4.08, *p*\< .001 and an above medium size of effect (*d*= 0.57), but no significant differences between pre- and post-test, nor post- and 6-week post-test. The estimated stress scale means and standard errors for each group across time are displayed in Figure [4](#F4){ref-type="fig"}.

![**Estimated marginal means (and standard errors) of the stress scale for groups over time**.](1471-2296-12-131-4){#F4}

Secondary analyses were conducted with only those participants who completed \'a minimum dose\' of monitoring (completion of 2 entries each day for at least 14 days). These results were similar to the ITT results with a significant effect of time for depression, *F*(2, 50.75) = 6.28, *p*= .004, with the size of effect for time being a 6.08 point decrease from pre- to 6-week post-test, *t*(58.02) = 3.53, *p*= .001 (*d*= 0.47), and no other significant effects for depression. The main effect of time for anxiety was no longer significant, and there were no other significant effects. There was a significant effect of time for stress, *F*(2, 50.05) = 4.21, *p*= .020, with a decrease of 4.25 points from pre- to 6-week post-test, *t*(54.29) = 2.89, *p*= .005 (*d*= 0.39), and no other significant effects for stress.

Post-hoc Analyses
-----------------

Post-hoc analyses were conducted to investigate the above findings that across the whole sample depression, anxiety and stress scale scores decreased by a medium size of effect from pre-test to 6 weeks post-test. One possible explanation is that the attention comparison was also an active intervention because participation in the trial lead to changes in GP management of mental health concerns for all participants. The Party Project\'s Exit Interview \[[@B43]\] at pre-test and post-test assessed pathways to care being if the participant was prescribed medications, referred to a health professional, referred for further testing, scans and/or X-rays, or provided other advice and psychoeducation regarding mental health during the medical review by their GP. For the sample as a whole, 91.7% (100/109) received at least one and 55.0% (60/109) received at least two \"pathways to care\" in the pre-test medical review. Interestingly, there was not one predominant pathway or intervention, 56.0% of the sample was prescribed medications, 54.1% referred to a health care professional, 38.5% received other advice or psychoeducation about mental health, and 25.7% were referred for further tests. This finding suggests that GPs were intervening regarding mental health for all participants at the pre-test medical review, rather than waiting for further information from the *mobiletype*program.

Discussion
==========

The aim of this study was to conduct a randomised controlled effectiveness trial to examine the mental health benefits of adding the mobiletype program and GP review of the mobiletype data to usual medical care of at-risk young people. The intervention group had an increase of ESA over time with a significant effect of the *mobiletype*program on ESA between pre- and 6-week post-test when compared to the attention comparison group. Results suggest that the self-monitoring intervention program increases young people\'s ESA during self-monitoring, between pre- and post-test, but this effect was not significant until 6 weeks after completion of the program. Nevertheless, the *mobiletype*intervention group\'s mental health outcomes did not improve significantly more than the attention comparison group at post-test or 6 weeks. For the sample as a whole, however, there was a substantial decrease in each of the depression, anxiety, and stress scores from pre-test to 6 weeks post-test and this decrease was a medium size of effect for each scale, suggesting that both groups improved in mental health outcomes substantially from pre-test to 6 weeks post-test. The decrease in mental health symptoms 6 weeks after the program may be explained by the effect of young people having increased their awareness of their emotions. A secondary outcomes paper from this study further explores the possible mediating effect of ESA on depressive symptoms \[[@B52]\].

Further investigation of the mental health outcomes was warranted because the size of the decrease in depression, anxiety, and stress symptoms was greater than one would expect from simple retest effects alone \[[@B53],[@B54]\]. Post-hoc analyses of GP behaviour at pre-test suggested that in fact GPs were unexpectedly acting to manage mental health during the pre-test review in at least one manner for 92% of the participants, without waiting for further information from the *mobiletype*monitoring data, summary report and recommendations. As this was an effectiveness trial, GPs were instructed to simply add *mobiletype*to usual medical care: there was no specific instruction to wait for *mobiletype*data before referring, prescribing, or implementing other patient management strategies (nor would this have been ethical). In this study, GPs received frequent contact and reminders from the research team thus raising the saliency of youth mental in clinical care, and were also provided with comprehensive locally relevant clinical resources (referral sources and psychoeducation handouts). Further, as the general rate of return to follow up review appointments in primary care can be unpredictable particularly with young people \[[@B55],[@B56]\], it is understandable that GPs felt the need to manage mental health symptoms when they first present rather than wait for further data and risk the possibility of the patient not returning. In this study we included an \"attention comparison\" group rather than wait-list control due to ethical considerations, thus increasing the testing rigour of the intervention, but also increasing the likelihood of non-specific placebo effects on outcome measures due to the attention comparison participants also receiving an intervention of sorts \[[@B57]\]. The results of this trial suggest that a self-monitoring program which monitors young people\'s mood, stress, and coping can increase young people\'s awareness of their emotions more than a program which only monitors general health factors. Self-monitoring may assist young people to become aware of emotions and stressors and therefore prepare themselves for more adaptive coping strategies. This study also suggests that engaging GPs in a mental health trial, providing frequent reminders, clinical resources and referral pathways, a patient self-monitoring program (as the attention comparison group also self-monitored) and assisting patients to return for medical reviews, leads to positive mental health outcomes for patients.

Furthermore, this RCT was conducted with a view of representing a wide variety of young people who visit GPs with a range of medical and psychological problems and severity of problems. Therefore the results of this study are applicable to this age group in general. Nevertheless, compared to data from the Australian Bureau of Statistics, the rural sample in this study is overrepresented, with 53.8% of general practices located in rural Victoria participating this this study compared to 24% of general practices located in rural Victoria in the population \[[@B48]\]. In addition, there was an overrepresentation of female patients with 80.4% female patients recruited in the current sample compared to 53% of females that seek treatment in general health care practices.

Limitations
-----------

A cluster randomised controlled trial with a usual medical care control group in which GPs or clinics were randomised rather than individuals may have been a more appropriate design for this intervention. This design was rejected for the current study, however, in preference for a more rigorous attention comparison group and individual randomisation, as it would have been logistically impossible for GPs and participants to be blinded to randomisation at recruitment in a cluster RCT and there is considerable potential for the introduction of bias in unblinded cluster RCTs when inclusion to the study is based upon GP referral (i.e. comparison GPs may only refer less severe patients) and participant consent is required (i.e. comparison participants may be less likely to consent) \[[@B58]\]. The inclusion of a wait-list control or \"usual medical care only\" group in this study would have allowed for comparison and testing of the substantial decrease in depression, anxiety, and stress in the mobiletype and attention comparison groups to a more natural control group. Nevertheless, the pre-test pathways to care implemented at baseline by GPs may also have occurred for a treatment as usual group and may have decreased mental health symptoms in both groups, thereby reducing the power needed to detect a significant difference between the groups. A larger sample size, or a wait-list control group, would be needed to determine if there was a difference in depressive symptoms between groups \[[@B59],[@B60]\]. Participant heterogeneity no doubt decreased the power of this trial, yet, a significant interaction effect was found for ESA. It appears, however, that the mental health intervention implemented by the GPs at baseline \"trumped\" or superseded any therapeutic effect of increasing ESA may have on mental health. As this was an effectiveness trial, the participant inclusion criteria were designed to be a best approximate to the real world primary care setting and hence there was a range of severity in mental health, familiarity of patients to GPs, and current mental health treatment programs. Finally, the random outcome of uneven groups due to cessation of recruitment before completion of the randomisation list also reduced the power of the study to find an effect between the intervention and attention comparison groups. A greater sample size and more even distribution between groups may have lead to more equivalent baseline means.

There has been much discussion internationally about the need to support GPs in the detection and management of mental health \[[@B61]\], with the WHO producing a number of reports and strategies papers regarding this \[[@B2]\]. Changing GP mental health related practice and patient outcomes in primary care has proven difficult with one review citing that only 21 out of 36 RCTs which implemented a number of either intensive plans, protocols, nurse led-care, and specialist assistance for mental health care in primary care lead to positive mental health outcomes for patients \[[@B61],[@B62]\]. The current mobiletype study included many aspects of two large successful primary care RCT mental health interventions \[[@B63],[@B64]\], for example, screening, clinician education, patient-specific reminders for appointments and patient care by the research team, and showed an overall mental health benefit for the sample as a whole and demonstrated that technology, particularly mobile phones, can be used in clinical settings and may provide GPs and young people with an avenue for combating the early symptoms of mental health problems before a clinically diagnosable disorder presents. Whilst this study does not demonstrate any additional benefits of monitoring specific mood, stress, coping, alcohol and cannabis use and general health factors compared to monitoring general health factors alone, further research using this methodology with larger sample sizes and a waitlist control seems warranted.

Conclusions
===========

We conducted the first RCT of a mobile phone application in the mental health assessment and management of youth mental health in primary care. We found that actively monitoring one\'s mental health symptoms using mobile phones led to increased emotional self-awareness. Further, that implementing a mental health program using technology in primary care and providing frequent reminders, clinical resources and support to GPs substantially improved mental health outcomes for the sample as a whole.
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